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The  heterogeneity of  antibody as  determined by  a  variety of  physical, 
chemical~ and biological methods has been well established.  Since the demon- 
stration of high molecular weight horse antipneumococcal antibody (1), numer- 
ous studies have shown electrophoretic,  ultracentrifugal, and chromatographic 
differences in human and various animal antibodies  (2,  3).  Generally  rabbit 
and  human anfi-erythrocyte antibodies  are  characterized  as  electrophoreti- 
caUy slow migrating w-globulin of low molecular weight (7S) and low anionic 
binding, and fast migrating ~,-globulin  of high molecular weight (19S) and high 
anionic  binding  (2,  3).  Although most studies  have been restricted to anti- 
cellular antibodies,  Wassermann antibodies  (4), skin-sensitizing antibodies  (5), 
rheumatoid factor (6), and anti-thyroid auto-antibodies (7), have been shown 
to belong  to the high molecular  weight  class of antibodies.  Certain of these 
antibodies have been associated  with the duration of immunization. For ex- 
ample,  19S horse anti-pneumococcal  antibody formed early in immunization is 
followed by the production of low molecular  weight  antibody on prolonged 
antigenic stimulation (8). More recently Stelos (9) has reported early rabbit 
hemolysin to be mostly a ~-1 with a sedimentation rate of 19S and that a 3,-2 
hemolysin associated  with 6S protein to appear later in immunization. Em- 
ploying partition chromatography, Porter (10) and Humphrey and Porter (11) 
found in the  early stages  of production that anti-protein rabbit antibodies 
were in the slow moving fractions, and that on further immunization antibody 
appeared in faster moving fractions. There is, however, a dearth of information 
of this kind with regard to antibodies  to soluble protein antigens.  The present 
study  describes  the  electrophoretic,  ultracentrifugal,  and  chromatographic 
separation of early and hyperimmune rabbit anti-bovine serum albumin anti- 
sera  employing  the passive hemagglutination (HA)  method. Evidence  is pre- 
sented that rabbit anti-protein antibodies are similar to anti-cellular antibodies 
with respect  to their sequential synthesis. 
* This investigation  was supported by research training grant 2E-158 from the National 
Institute of Allergy  and Infectious  Diseases, United States Public Health  Service. 
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Materials and Methods 
AntCsera.--Rabbits weighing 3 to 4 kg were immunized with recrystallized bovine serum 
albumin (BSA), pentex. For production of primary (early) sera, rabbits were given 3 intra- 
venous inoculations of 40, 30, and 20 mg BSA, respectively, at 2-day intervals. Bleedings were 
made 6,  10,  and  17  days following the last injection. Late sera were obtained from these 
rabbits by intravenous injection of 40 mg of BSA 27 days following the primary series, and 
were bled 3, 6, and 14 days later. Hyperimmune sera were obtained by giving another group 
of rabbits 5 intravenous inoculations of 40 mg BSA each, 4 days apart, and a  similar series 
repeated 1 month following the last injection. 9 and 14 days follo~ng the second series, intra- 
peritoneal injections of 1 mg BSA in Freund's adjuvant were given. Four months following 
the intraperitoneal injection 30 mg BSA were given intravenously and bleedings were made 
when booster titers were elevated. 
Lots of BSA used early in this study produced antisera which gave at  least 2 preeipitin 
bands in double diffusion in agar  (12)  and in  micro-immunoelectrophoresis (13); however, 
most of the sera used were produced against lots of BSA which revealed only a single band in 
gel diffusion and immunoelectrophoresis. Individual rather than pooled sera were studied. 
Hemagglutination.--Heat-inactivated sera, adsorbed 1 to 3  times with washed sheep red 
blood cells, were titrated in 2-fold serial dilutions in 0.5 ml amounts. Some modifications were 
made of the methods of Boyden (14) and Stavitsky (15) for the preparation of BSA-sensitized 
tanned sheep red blood cells.  The minimum amount of BSA to give optimal sensitization of 
cells was found to be from 30 to 100  #g for each 1.0 ml of 2.5 per cent tannic acid-treated 
ceils.  Following sensitization the cells were washed at least three times with 1.3 per cent nor- 
mal rabbit serum in pH 7.2 phosphate buffer. Lower hemagglutinin (HART) titers were ob- 
tained with ceils inadequately washed. The HA patterns were judged according to Stavitsky 
(15).  Porter (16) had noted that primary and secondary sera produced qualitatively different 
red cell agglutination patterns and in the present study similar differences were observed. 
Some primary sera produced ragged edged 4+ reactions rather than complete coating of the 
bottom of the tubes, usually produced with hyperimmune sera. Also, titers of primary sera 
invariably dropped following prolonged storage at  --20°C. The specificity of the agglutinin 
in the following fractions was determined by the HA inhibition test (15). 
Quantitative Precipitin.--Total precipitable protein was  determined either by dissolving 
the washed precipitates in 0.25 s  acetic acid and recording the absorption at 277 mtt in a 
Beckman DU spectrophotometer (17), or by the Foliu reaction (18). 
Starch Electrophoresis.--Except  for minor modifications, the method of Kunkel and  Slater 
(19) was used. Separation of serum proteins was  made using pH 8.6 veronal buffer, 0.1 ionic 
strength. A  constant current of 20 ma was applied for 24  hours at 5°C.  Following electro- 
phoresis, the starch bed was cut into 1 cm segments and each segment was eluted with 2 to 4 ml 
of buffered saline. Hemagglutinin activity of starch eluates usually decreased rapidly following 
storage at 5°C or at -20°C; thus, when possible, HA was performed within 24 hours following 
elution. The cause of the HAN lability of these fractions is being studied. 
Ultracentrifugati~,n.--Zone ultracentrifugation in a sucrose density gradient using a Spinco 
model L  centrifuge and a  swinging bucket rotor was performed according to the method of 
Brakke  (20)  modified by Fudenberg and Kunkel  (21).  Sucrose concentrations ranging from 
10 per cent at the top of the plastic tube to 40 per cent at the bottom were made by either 
layering or use of a mixing device. The procedure given in the above reference (21) was then 
followed. Serum diluted with an equal volume of saline and cleared at 5,000 r.e~ for 30 minutes 
was layered in a  volume of 0.5 ml over the sucrose.  Centrifugation was carried out for  18 
hours at 35,000 ~s.  Fractions were collected in 0.8 to 1.0 ml volumes by making a small hole 
in the tube about 2 to 3 mm from the bottom. A small hardpacked amber-colored gelatinous A. A. BENEDICT,  R. J. BROWi~  AND R. AYENGAR  197 
pellet was recovered last  by rapid washing of the tube with saline and re.suspension of the 
pellet in 0.2 ml of saline. 
A nalytie studies were kindly performed by Dr. Robert Hersh of the Department of Bio- 
chemistry. A model E Spinco analytic ultracentrifuge equipped with a schlieren optical system 
phase plate  and temperature  control  unit was employed. The cells (30 ram) were used  at 
50,740  ~-. 
Ckromatography.--The rapid stepwise elution method of Peterson and Sober (22) was used. 
Diethylaminoethyl  (DEAE) 1 cellulose containing 0.91 mEq N/gin was suspended in  0.5 N 
NaOH, washed in several changes of distilled water  until  the suspension turned neutral  to 
litmus, and the finer particles decanted off. The sedimented particles were then washed, re- 
suspended in the starting buffer (0.0175 M PO~', Na  +, pH 6.3), and stored  in the cold until 
use. Columns of 1.0 cm diameter and 11.5 to 15.5 cm height were used for 2.0 to 5.0 ml serum. 
Heat-inactivated  immune sera, adsorbed twice with packed sheep red blood cells, were dia- 
lyzed against the starting buffer for 18 to 24 hours before applying to the column. Stepwise 
elution was performed with the following buffers: (a) pH 6.3, 0.0175 M sodium phosphate, 
(b) pH 5.7, 0.04 ~ sodium phosphate,  (c) pH 5.5, 0.1 M sodium phosphate,  (d) pH 4.7, 0.4 M 
sodium phosphate, and (e) pH 4.7, 2 ~ NaC1 in 0.4 ~r sodium phosphate. The effluent fractions 
were collected in 5 ml volumes. Some of the fractions,  after dialysis against  distilled water 
and against  the starting buffer followed by concentration  through pervaporation  at  10°C, 
were rechromatographed  on new DEAE celluose columns of the same size. 
EXI~ERI.MENTAL  AND  RESULTS 
Eleclrophoresis.--In  the  early  phases  of  this  study  various  hyperlmmune 
sera were selected for the electrophoretic distribution  of HAN and precipitin, 
and considerable distribution in mobility of HAN was noted. In most instances 
rabbit  HAN was distributed  throughout  the 7- and  0-globulins.  Fig.  1 illus- 
trates  a  serum which showed 2  distinct HAN peaks; one associated  with  ~,-2 
globulin and one with 7-1 globulin (/3-2).  The precipitin was located in the 7-2 
globulin  region  and  coincided with  the peak HAN activity in  this  region.  A 
mouse  anti-BSA ascitic  fluid  obtained  after  several  months  of immunization 
also showed a  similar broad distribution  of HAN through the 7- and/3-globu- 
lins,  and  similar  to rabbit  antibody the precipitin  was mainly located in  the 
slow moving 7-globulin.  For instance, in the slow moving 7-giobulin region of 
the mouse ascitic fluid (fraction 7),  the HA titer was 640 and the precipitate 
had a  O.D. reading of 0.069 at 277 m#; whereas, fraction 16 in the 0-globulin 
with the same HA titer (640) had no precipitate  (O.D. =  0.008)as determined 
by the  quantitative  precipitin  method.  It was  evident  that  the  HA method 
measured  antibodies  over a  wide range of electrophoretic mobilities,  and  de- 
tected antibodies which were either not precipitable  or were in concentrations 
insufficient  to be detected  by the precipitin  method used.  Most sera showed 
two poorly resolved peaks similar to Fig. 1; however, the relative heights varied. 
The electrophoretic distribution of HAN appeared to be related to the dura- 
tion of immunization.  Fig. 2 illustrates  the distribution of agglutinin of hyper- 
immune and early sera. As noted previously, both sera had HAN in the 7- and 
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B-globulins; however, the ratio of peak activity in 7-2 globulin/peak activity 
in/~-globulin was higher in hyperimmune sera. These ratios for three hyper- 
immune sera were 128, 128, and 100, respectively, and for three early sera the 
ratios were 16,  16, and 20, respectively. Thus, during the early period of im- 
munization a relatively higher concentration of/~-globulin HAN was produced. 
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FIG.  1.  Starch  block  electrophoretic  distribution  of  rabbit  anti-BSA  precipitin  and 
hemagglutinin. 
Preliminary studies which chicken anti-BSA antibodies also suggest a relatively 
high HAN activity in the/~-globulin region during early periods of immuniza- 
tion.  Ultracentrifugal and chromatographic fractionations corroborated  that 
the anfi-BSA HAN differed in physical properties as related to the duration of 
immunization. 
Ultracentrifugal  Studies.--The  initial studies employed the method of Camp- 
bell et al.  (23). Five ml of late serum diluted with 5 ml of 1 per cent NaC1 was 
cleared at 5,000 I~I,M  for 30 minutes. The serum was centrifuged for 7 hours at 
40,000  RIM and partitioned from top to bottom according to Campbell et al. A. A. BENEDICT,  R. ~. BROWN~  AND R. AYENGAR  199 
(23).  A gelatinous pellet also was recovered. The HAN and precipitin values 
increased from the top to bottom fractions (Table I). On recycling of fraction 
2 (top) and fraction 4  (bottom) at 40,000 P4,~ for 210 minutes, each fraction 
again showed increased HAN activity from the top to the bottom of the tube. 
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FIO. 2. Starch block electrophoretic distribution of early (top) and hyperimmune (bottom) 
rabbit anti-BSA hemagglutinating antibody. 
Fractions  2 and 4 were also simultaneously starch  electrophoresed and both 
fractions had activity in the ~/- and/3-globulin regions;  however, the top ultra- 
centrifugal  agglutinin  yielded  activity  in  the  slower  migrating  7-globulin 
region (Table II). To obtain better separation of the high and low molecular 
weight  activities sucrose gradients  were prepared,  and  the  results  are  sum- 
marized in Tables HI and IV.  Table ILl shows fractionation  of a  hyperim- 
mune rabbit serum, a rabbit serum 5 clays following the last primary inocula- 
tion,  and  a  chicken  anti-BSA  serum  obtained  8  days  following  a  single 
intravenous injection of 40 mg of BSA. In this experiment no ultracentrifugal 
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pellets were recovered. All sera analyzed (early, late, and hyperimmune) had 
HA activities which had been shown by others  (2)  to correspond to low and 
high  molecular weight antibodies; however,  early in  immunization  the high 
molecular weight antibody activity was predominant, and hyperimmune sera 
had the highest activity corresponding to 7S 7-globulin (Table IV). The ratios 
of HA titers corresponding to 19S/7S for a  rabbit whose serum was obtained 
6, 10, and 17 days following immunization (Table IV) were 18.0, 2.1, and 1.8, 
respectively; thus indicating a drop in 19S activity. 
Hemagglulgnin and Prec~ 
Fraction* 
Unfracfionated 
1 (top) 
4 (bottom) 
Hernagglutina- 
tlon titer 
6,553,600§ 
320 
81,920 
2,621,440 
5,242,880 
TABLE I 
,itin in Ultracentrifugal Fractions of Anti-BSA 
Precipitin 
BSA N  added 
ttg 
1.7 
3.5 
7.0 
1.7 
3.5 
7.0 
1.7 
3.5 
7.0 
1.7 
3.5 
7.0 
Protein~ pre- 
cipitated 
<25 
<25 
<25 
116 
195 
<25 
252 
455 
615 
335 
535 
940 
Supernatant  test 
Excess antibody 
0 
0 
0 
0 
0 
0 
++++ 
+ 
0 
++++ 
++++ 
++++ 
Excess antigen 
++ 
+++ 
+++ 
0 
0 
++ 
0 
0 
0 
0 
0 
0 
* Hyperimmune serum centrifuged for 7 hours at 40,000 
~t Folin reaction. 
§ 1.10 mg antibody N/ml. 
RPM. 
Chromatography.--Four  distinct  protein  peaks  corresponding  to  the  first 
four buffers used for elution were obtained (Figs. 3 and 4). The last buffer used, 
containing 2 ~  NaC1, failed to elute more protein. In the order of the protein 
peaks eluted, the fractions have been designated fractions I, II, III,  and IV. 
Early sera had HAN located mainly in fractions I  and IV, and the activity in 
fraction IV was usually the same or greater than in I. One serum chromato- 
graphed 10 days following the initial injection of antigen had HAN in fraction 
III as well (Fig. 3). There was a shift in the relative concentrations of HAN in 
these fractions following further antigenic stimulation. Hyperimmune sera had 
agglutinin in all four fractions, with greatly increased activity in I and lowered A.  A.  BENEDICT~ R..]'.  BROWN~  AND  R.  AYENGAR  201 
TABLE II 
Elearophoretic Distribution of Hemagglutinin in Fractions Separated by  Ultracentrifugation 
Starch  electrophoresis 
fraction  No. 
1 
2 
3 
4 
5 (origin) 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
v-Globufin 
t-Globulin 
Ultrscentrlfugal  fractions* 
Top 
0 
0 
10 
20 
80 
80 
80 
80 
80 
40 
10 
5 
0 
0 
0 
BoRom 
0 
0 
0 
0 
20 
40 
160 
160 
320 
160 
160 
40 
20 
10 
10 
0 
* Serum  centrifuged for 7 hours st 40,000 mPm. 
TABLE HI 
Distribution of HemaggIutinating anti-BSA  Rabbit and Ck~ken  Antibodies in Fractions 
Separated by Density  Gradient Zone  Ultracentrifugation 
Fraction 
Unfractionated 
1 (top) 
2 
3 
4 
5 (bottom) 
Rabbit early 
2,560* 
0 
0 
80 
40 
160 
Serum 
Rabbit hyperimmtme 
6,553,600 
320 
2,560 
327,680 
81,920 
2,560 
Chicken early 
81,920 
40 
80 
40 
320 
5,120 
* Reciprocal of hemagglutinin titer (0 -~  <1:10). 
activity in IV (Fig. 4). In one instance a serum obtained 3 days following booster 
yielded equal titers in fractions I  and IV. This latter serum  17 days following 
primary injection (before booster) had HA titers of 20 and  160 in fractions I 
and IV, respectively. 
On rechromatography of fractions I  and  IV, each  eluted in the same frac- 202  ANTIBODY  TO  BOVINE  SERUM  ALBUMIN 
tions  as before, thus  suggesting  that HAN with differing characteristics had 
been  separated.  Paper  electrophoretic  analysis  of  fractions  revealed  serum 
proteins similar to those described by Abelson and Rawson (24), and that frac- 
tion I  contained slow-migrating ~-globulin not found in fraction IV. 
Fractions I  and IV from an early serum were each subjected to zone ultra- 
centrifugation in a sucrose gradient. Table V shows that low molecular weight 
HAN resided mainly in fraction I  and that the heavier components were asso- 
ciated  mainly with  fraction  IV.  For  analytic  ultracentrifugal  studies  serum 
globulins  were prepared by repeated precipitation  with  sodium sulfate  (25), 
concentrated by pervaporation or with the aid of sephadex C~24 (coarse), and 
TABLE  IV 
Distribution  of  Hemagglu~inating anti-BSA  Rabbit Antibodies  in  Fractions Separatai  by 
Density Gradient Zone Ultracentrifugation 
Selq/l~ 
Fraction  Days following primary injection 
Unfracfionated 
1 (top) 
2 
3 
4 
5 
6 
7 (pellet) 
* Reciprocal of hemagglutinin fiter 
6  10 
2,560*  10,240 
0  0 
20  160 
10  80 
10  80 
0  0 
80  40 
640  640 
0 =  <1:10). 
17 
640 
0 
80 
20 
80 
10 
10 
320 
Hyperimmune 
3,276,800 
0 
160 
640 
40,960 
10,240 
320 
640 
chromatographed. Fraction I  of this preparation (HA titer  =  6400)  consisted 
of a single homogeneous peak with an s rate of 7.3S.  Fraction IV (HA titer  = 
200)  was found to have two peaks; a  major component with a  sedimentation 
coefficient of about 4S and a  minor component with a  sedimentation constant 
of 20.4S.  Since the agglutinin of fraction IV sedimented in a  sucrose gradient 
like  a  macroglobulin  (2),  the  activity  undoubtedly  was  associated  with  the 
20S component. 
Inhibition  Tests.--The  minimum  amounts  of  BSA  required  to  inhibit  ag- 
glutination when mixed with chromatographic fractions I  and  IV were deter- 
mined. The HA titers of early serum fractions T and IV, hyperimmune serum 
fractions  T and  IV,  and  hyperimmune serum fraction  I  which  had  been  re- 
cycled through DEAE-cellulose were each determined. The last tube showing 
a 4+  agglutination was considered as 1 HA unit. In the inhibition test, 4 HA A.  A.  BENEDICT,  R.  J.  BROWN~ AND  R.  AYENGAR  203 
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FIG.  3.  Stepwise elution from DEAE-cellulose columns of early (top)  and late  (bottom) 
rabbit anti-BSA hemagglufinating antibody. 
units/0.25  ml were mixed with 0.25 ml of various concentrations of BSA, in- 
cubated at room temperature for 10 minutes, and then sensitized red cells were 
added.  Table VI shows that the smallest amount of BSA to partially inhibit 
HA was the same for early and hyperimmune sera fraction IV and for early 
serum  fraction  I.  Agglutination  by hyperimmune  serum  fraction  I  was  in- 
hibited with about 200 times less antigen. 204  ANTIBODY  TO  BOVINE  SERU~  ALBI/Mllff 
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TABLE V 
Ultracentrifugation of  DEAE-Cellulose-Separatod  Rabbit 
Hemagglutinating Antibodies 
Tiler 
Fraction  DEAE-ceUulose fraction I*  DEAE-cellulose fraction IV 
5  I  10  20  40  80  160  5  10  20  40 
1  (top) 
2 
3 
4 
5 
6 
7  (pellet) 
:h  i 
+++ 
++ 
++++ 
+++ 
+++ 
0 
0 
+ 
+ 
++++ 
+ 
+ 
0 
0 
+ 
0 
++++ 
0 
+ 
0 
0  0 
0  0 
0  0 
+  o 
0  0 
0  0 
0  o 
0 
+ 
0 
0 
+++ 
++++ 
++++ 
0 
0 
0 
0 
0 
++++ 
++++ 
0 
0 
0 
0 
0 
++++ 
++++ 
* DEAE-cellulose fractions I  and IV of  a  serum 10 days following primary injection. 
0 
0 
0 
0 
0 
++ 
+++ 
80  160 
00 
00 
00 
00 
00 
++  o 
+o 
DISCUSSION 
It is becoming clear that  rabbits  may respond  to various antigenic  stimuli 
in a  similar  manner.  Stelos  (26)  reported  the production of antibodies  to red 
cell antigens  not unlike  those reported  in  the present  study,  and  Kunkel  (2) 
reported  that by employing density gradient  centrifugation  that  rabbit  anti- A.  A.  BENEDICT,  R.  J.  BROWN,  AND  R.  AYENGAR  205 
pneumococcal antibodies were present in both  the high  and low  molecular 
weight fractious. 
In response  to a protein antigen, at least two antibody fractions have been 
partially identified; namely, the classical  7S "),-globulin which had the usual 
low anionic binding capacity (fraction I), and a ,/-1  globulin  (/3-2) with high 
anionic binding (fraction IV) and associated with a 20S fraction. Early primary 
sera had a mixture of these two types of antibodies with a relatively high con- 
centration of fraction IV.  On further immunization fraction I  became the 
major antibody fraction, although all hyperimmune sera had some fraction IV 
activity. Also, DEAE-cellulose separation revealed at least 2 more fractions 
with HAN with intermediate anionic binding, similar to rabbit antibody against 
capsular polysaccharide of Type III pneumococci (27). Although the density 
gradient ultracentrifugal studies were highly indicative that high molecular 
TABLE  VI 
Amounts  of BSA to Inhiblt  Agglutination by DEAE-Cdlulose-Separated  Fractions of Rabbit 
Antibody 
Serum fraction 
Early serum Fraction I .................................... 
Early serum fraction IV ................................... 
Hyperlmmune serum fraction I ............................. 
Hyperimmune serum fraction IV  ............................ 
Hyperimmune serum fraction I, rechromatographed .......... 
Minimum amount BSA giving 
partial hemagglutinat]on 
inhibition 
ttg 
2.0 
2.0 
0.01 
2.0 
0.05 
weight anti-protein antibodies were synthesized, further evidence must await 
preparation of more highly purified fraction IV samples. Whether the anti-BSA 
antibodies associated with the high molecular weight fraction differ from the 
low molecular weight antibodies in regard to combining capacity, sensitivity 
to reducing compounds, and other biological properties (2) must be learned. 
It might be noted here that unlike the cold agglutjnin¢ belonging to the macro- 
globulin class, starch block eluates in the "y- and ~-globulin regions, fraction I, 
fraction IV, and unfractionated sera failed to show increased titers in the cold. 
The question remains open whether the cells synthesizing the 19S antibody 
in early antibody production represent the same types producing the 7S classic 
antibody found in hyperimmune sera.  The intravenous route was used for 
production of early antibody; possibly  the early macroglobulin and 7S anti- 
body were synthesized by splenic ceUs, and extrasplenic sites were mainly re- 
sponsible for production of 7S antibody which was predominant following pro- 
longed antigenic stimulation. The kinds of cells involved in the synthesis of the 
antibodies reported here and elsewhere (2) remain an intriguing problem. 206  ANTIBODY  TO  BOVINE  SERUM  ALBUMIN 
This study was initiated because of the poor correlation between the passive 
HA titers and the quantitative precipitin antibody N values of numerous rab- 
bit anti-BSA sera. As yet there is no definitive evidence that "non-precipitable" 
antibody agglutinated BSA-sensifized red cells; however, preliminary evidence 
suggested that hyperimmune rabbit anti-BSA precipitin migrated mainly as a 
3,-2 globulin, and that HAN migrated as 3"- and/~-globulins. Possibly the two 
methods measured different anti-BSA antibodies, or that because of the high 
sensitivity and non-specificity of the HA technique (28) a contaminating anti- 
gen-antibody hemagglutinating system was  detected  (29).  Although further 
studies are required to resolve this problem, the presence of a  contaminating 
hemagglufinating system is  unlikely.  Both  high  and  low  molecular  weight 
agglutinins were present  6  days following inoculation as shown by gradient 
zone ultracentrifugation, and chromatography of 10-day immune sera yielded 
at  least 2  distinct fractions of approximately the  same activity. If a  minor 
antigenic contaminant was present in the BSA preparations it is doubtful that 
the agglutinin associated with the 20S fraction which migrated as a t-globulin, 
and which was synthesized early in antibody production, was directed towards 
the contaminant. Pertinent to this problem, adjuvants were not used for pro- 
duction of primary sera. 
Future data on the relative combining capacities of the antibody fractions 
separated may give information relative to this problem. In this regard, frac- 
tion I of a hyperimmune serum with a sedimentation rate of 7S apparently had 
a better combining ability than did a similar fraction from a primary response 
serum.  The formation of antibodies of higher reactivity following continued 
immunization is well known. Dixon et at. (30) reported that the antibody N/an- 
tigen N  ratios of rabbit  anti-BSA and BSA increased from 5  after the first 
injection to from 8 to 11 after second and third injections. Comparison of the 
HA inhibition test and precipitate formation cannot be made at this time, since 
mixtures of antibody and antigen in ratios of extreme antigen excess  (accord- 
ing to the precipitin reaction) cause agglutination of sensitized red cells  (31). 
In  contrast to fraction I, fractions IV of early and hyperimmune sera were 
inhibited from agglutinating red  cells  by the  same  concentrations of BSA. 
This  might imply that  the  antibody associated  with  the  19S  fraction,  and 
which decreased in concentration on continued immunization, might not re- 
flect the changing combining characteristics of the 7S antibody. Nevertheless, 
caution  should  be  employed when  comparing antibody concentrations of  a 
immunologically homogeneous system by the passive HA method and other 
methods of assay. 
SUMMARY 
Rabbit antibovine serum albumin antisera were fractionated by zone elec- 
trophoresis  on starch,  zone ultracentrifugation in sucrose  density gradients, 
and  diethylaminoethyl-cellulose chromatography,  and  were  assayed by  the A. A. BENEDICT,  R. ~. BROWN~  AND R. AYENGAR  207 
passive HA technique. Anfisera had at least  two antibodies: one associated 
with a  fraction characterized as a  "y-2 globulin with a  sedimentation rate of 
7.3S  and low anionic binding (fraction I), and one associated with a fraction 
characterized  as a  "y-1 globulin  (or t-globulin) with a  serllmentafion rate of 
20.4S and high anionic binding (fraction IV). The HA titers of fractions I and 
IV of early sera were approximately equal. On prolonged antigenic stimulation 
fraction IV agglutinin decreased in concentration and the relative concentra- 
tion  of fraction I  agglutinin increased.  Chromatographic analysis of hyper- 
immune  sera  yielded  2  additional  HA  fractions  with  intermediate  anionic 
binding.  These results indicated that rabbits synthesize anti-BSA antibodies 
similar to rabbit anti-cellular antibodies. 
Rabbit anti-BSA precipitin migrated mainly as a ~,-2 globulin and the ag- 
glutinin migrated with "y- and t-globulins. The evidence suggested that the 
HA method might measure antibody not measured by the quantitative pre- 
cipitin technique. 
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